Microprofiles of oxygen and oxygenic photosynthesis were measured in a photosynthetically active sediment by an oxygen microelectrode. The di&.tsion coefficient of oxygen in the uppermost 1 mm of the sediment was determined in poisoned sediment by microelectrode measurement of changes in the oxygen profile during nonsteady state conditions. The experimentally obtained data were inserted into computer models to calculate the vertical profile of the oxygen consumption rate. The calculations showed that the rate of oxygen consumption was highest at the oxic-anoxic boundary where sulfide was oxidized and in the lowest part of the photic zone. Computer models were also used to obtain more accurate profiles of oxygen production. The oxygen profiles calculated by the computer were very close to those obtained experimentally both during the steady state developed under light and during the transient conditions developed at the onset of darkness.
The surface layers of many shallow water sediments are characterized by very high microbial activities. The activities are highest when the input of organic material to the sediment is high. This input can be supplied by autotrophic processes near the sediment surface, or it can be supplied as detrital material from the overlying water. When light is available, very dense populations of photosynthetic microorganisms can develop. A very tight coupling between microbial respiration and microbial photosynthesis can be expected in these photosynthetically active layers (Riemann 1983) .
The analysis of microbial activities in solid or semisolid substrates with high numbers of microorganisms has until recently been hampered by the lack of suitable analytical methods. The development of microelectrodes for the analysis of oxygen (Revsbech 1983; Revsbech and Ward 1983) , dissolved sulfide, and pH has made detailed analysis possible. These microelectrodes have been used not only to demonstrate the distribution of oxygen, sulfide, and pH in sediments but also the vertical distribution of oxygenic photosynthetic activity (Revsbech et al. 198 1) with a spatial resolution of about 0.1 mm (Revsbech and Jorgensen 1983) .
Intuitively, one would expect it to be as easy to determine a profile of respiratory activity as a profile of photosynthesis, but this is not so. The process of diffusion does not have to be considered for the calculation of photosynthetic rates from experimental data obtained by the oxygen microelectrodes but it must be for the calculation of respiratory rates. We will show here how computer models can be used to simulate the combined effects of oxygen consumption (respiration), photosynthesis, and diffusion on the oxygen profiles in a microbial mat. The vertical distribution of oxygen consumption rates in the mat is estimated from the results of these simulations.
Materials and methods
The sediment cores used for the experiments were collected by hand in Plexiglas cylinders (46-mm i.d.) along the shore of Limfjorden, Denmark. The sampling area is covered by a dense microbial mat having a high photosynthetic potential from late spring to late fall. Cyanobacteria dominate the photosynthetic community during the warmest months, but large numbers of pennate diatoms are always present. Our samples were taken in late August when the water temperature was about 20°C and cyanobacteria were most abundant.
In the laboratory, the cores were submerged in a constant-temperature (2 l°C) water bath with continuously aerated water (salinity 2OYm) from the sampling locality. The sediment surface was flush with the upper end of the Plexiglas cylinder, covered by only 0.7 cm of water. A constant current over the sediment surface of about 5 cm s-l was maintained by an air stream directed against the water just in front of the core. Illumination was provided by a slide projector equipped with a halogen lamp. The sediment was illuminated for 3 h before the experiment at 250 PEinst m-2 s-l, and the same light intensity was maintained throughout the experiment. All measurements were made within one 7-h light period, interrupted only by a 2-min dark period every 45 min and 2-4-s dark periods when photosynthetic rates were determined.
Oxygen measurement -The oxygen concentration within and just above the sediment was measured with the microelectrode described by Revsbech and Ward (1983) . The one used for these measurements was made especially thin, having a tip diameter of only 2.5 pm and a diameter at a distance of 1 mm from the tip of only 40 pm. A thin electrode was used as it was necessary to minimize mechanical disturbance when multiple oxygen profiles were measured at the same site. The minimum size of the electrode was set by a tendency of thin electrodes to give erratic signals when pushed toward particles that can induce flexing. The temporal resolution of the measurements was optimized by having the gold cathode of the oxygen microelectrode only about 5 pm behind the lo-pm-thick silicone rubber membrane at the electrode tip. The current in the measuring circuit (Revsbech 1983) was measured by a Kiethley 480 picoammeter and the signal recorded on a twochannel strip chart recorder. The whole measuring circuit had a 90% response time to changes in oxygen concentration of about 0.2 s. The response time was measured by quickly moving the electrode tip from air into water saturated with 100% oxygen.
The microelectrode was introduced into the sediment from above by using a micromanipulator with a motor drive (Mertzheuser, West Germany). The microelectrode tip could thus be continuously moved up and down while the oxygen concentration was recorded. The vertical position of the tip could be calculated from the motor drive polarity, which was also recorded on the strip chart recorder. Reproducible measurement of oxygen concentration was possible only on the way down and not on the way up when the thicker electrode shaft had just been in the point being analyzed. The motor drive made possible very fast recordings of oxygen profiles. The speed of the micromanipulator was 105 pm s-l on the way down and about 200 pm s-l on the way up, so that a complete oxygen profile over 1 mm could be measured every 20 s. The recorder was put on a paper speed of 60 cm per minute to enable the steep gradients to be recorded. Before a new oxygen profile was recorded, the sediment was allowed to recover for a few seconds from the mechanical disturbance induced by the microelectrode shaft.
D@usion coeficients -The diffusion coefficient of oxygen in the sediment was measured by a modified version of the "constant source" technique described by Duursma and Hoede (1967) . A 1 -cm-deep subcore with a diameter of 1.3 cm was taken from the sediment core in which the other experiments described here had been done. The surface of the sediment was only 2-3 mm below the upper edge of the glass cylinder in which the core was contained. This small core was submerged in a 0.1 M solution of HgC12 over which a pure oxygen atmosphere was maintained. The HgCl, killed all microorganisms in the sediment, while the 0, oxidized all chemical species that could react spontaneously with it. After 3 weeks of incubation under these conditions, the atmosphere was changed to air and the incubation continued for 1 week. The last 2 days before the experiment, the core was incubated at 20°C in aerated seawater with a salinity of 2Oo/oo. Just before determination of the diffusion coefficient, the overlying water was poured off so that the sediment surface was in direct contact with the atmosphere. The diffusion coefficient could now be determined from microelectrode measurements of oxygen in the sediment following a momentaneous change of the overlying atmosphere from water-saturated atmospheric air to water-saturated oxygen. The change from air (20.9% oxygen) to 99% oxygen occurred within 1 s, so that the time for the application of the "constant source" (Duursma and Hoede 1967) was well defined. A constant temperature of 20°C was maintained throughout the experiment. The same core could be used for another determination of the diffusion coefficient after incubation for 1 day in aerated seawater. The diffusion coefficients were found by plotting the relative increase in oxygen concentration (where air saturation = 0, oxygen saturation = 1) at various depths and at various times on inverse error function paper (Duursma and Hoede 1967) .
The diffusion coefficient for oxygen in the true difhtsive boundary layer (Jorgensen and Revsbech 1985) just above the sediment surface was assumed to be 2.0 x 10V5 cm2 s-l at 21°C (B roecker and Peng 1974) . A slightly smaller (5%) value than calculated by Broecker and Peng was used due to the salinity (207~) of the water used (Li and Gregory 1974) . The true diffusive boundary layer was defined by a linear oxygen profile during steady state conditions. The apparent diffusion coefficients in the part of the diffusive boundary layer above the true diffusive boundary layer, which was characterized by a nonlinear oxygen profile during steady state conditions (Jorgensen and Revsbech 198 5) , were calculated from Fick's first law of diffusion (Crank 1983): where J(x) is the flux of oxygen through unit area, C(x) is the concentration, and D(x) is the apparent diffusion coefficient at depth x. The calculation of D(x) for various depths was based on the fact that the oxygen flux through all the water layers, where there was no significant oxygen production or consumption, should be identical under steady state conditions. A decrease in K(x)/dx consequently corresponded to a proportional increase in D(x).
Other determinations-The porosity in the uppermost 0.1 cm of the sediment was calculated as the weight loss after drying a known volume of sediment at 105"C, corrected for the salt concentration of the water. The porosity was assumed constant over the 0.1 cm. Light was measured with a LiCor quantum sensor (Lambda Instruments), which senses only in the 400-700-nm region.
Photosynthesis measurements -Photosynthesis in the sediment was measured as described by Revsbech and Jorgensen (1983) . The photosynthetic activity in each sediment layer was calculated from the rate of decrease in oxygen concentration after 1 s of dark incubation. The exact time for extinguishing light was monitored by a photoresistor connected to one channel of the strip chart recorder.
Computer models-Steady state oxygen profiles in the light and the oxygen profiles during the dynamic change in oxygen concentrations following the extinguishing of light were modeled from an extended version of Fick's second law of diffusion (Berner 1980):
where D(x) is the diffusion coefficient, 4(x) the porosity, C(x, t) the oxygen concentration, R(x, t) the oxygen consumption, and P(x, t) the oxygen production at depth x and time t. The experimentally obtained oxygen profiles in the sediment can be computersimulated from Eq. 2 by the Crank-Nicholson method (Vermuri and Karplus 198 1) . Using finite differences, we can rewrite Eq. 2 (see Vermuri and Karplus 198 1 for more details):
where
and where n represents various depths, with two consecutive depths being separated by the distance AX. At is the time between each two iteration steps. The simulations were performed with 60 depth intervals (AX) of 25 km and time intervals of 0.5 s. To advance one time step with Eq. 3 [i.e. from C( 1, t + 1) to C(59, t + l)] thus involved the solution of 59 equations. The solution was performed by the tridiagonal algorithm (Vermuri and Karplus 198 1) . Oxygen concentrations of 249 pm in the overlying water [C(O, t)] and 0 at 1.5-mm depth [C(60, t)] were used as boundary conditions. The ability of the computer model to simulate oxygen diffusion accurately in stagnant media was verified by experiments with 0.8% agar. The profiles of photosynthetic rate do not show exactly how photosynthesis is distributed in the sediment because each measurement represents an integration of photosynthetic rate within a distance of about 0.1 mm from the microelectrode tip. It would be possible to get better spatial resolution (i.e. the sphere within which the photosynthetic rate would be integrated would become smaller) if a dark incubation of < 1 s could be used during determination of the rate, but it is not possible to determine the rate of decrease in oxygen concentration with sufficient accuracy if the dark incubation is much < 1 s. The only alternative is to do a computer simulation of what photosynthesis profile could actually have resulted in the rates of decrease in oxygen concentration measured after 1 s of dark incubation. A short description of the method is given here.
Assume that all oxygen molecules at time 0 are found at depth x0 where the amount at x, is C(x,, 0). At some later time, t, they will be distributed around x0 so that the concentration at depth x, C(x, t), is (Crank 1983) 
where D is the diflusion coefficient for oxygen in the sediment. Assume now that oxygen is formed at depth x with a rate P starting at time 0. The concentration at depth x and at time t is then t C(x, t) = s
where z is an integration variable. The rate of change in oxygen concentration at time t and depth x can be found by differentiating Eq. 5:
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.exp [-@sl . (6) If oxygen was produced in several layers, the right side of Eq. 6 should be integrated over all these layers to give the rate of change in oxygen concentration at depth x. Experimentally, we determined the photosynthetic rate as the rate of decrease in oxygen concentration 1 s after production of oxygen stopped. This can be expressed as follows:
where PI(x) is the measured rate of photosynthesis at depth x, and PO(y) is the actual oxygen production at depth y, Contributions to PI(x) for 1 (x -. y) 1 > 0.5 mm are negligible and need not be considered. P,(y) values cannot be found knowing the profile of P,(x), but estimates can be obtained by inserting a qualified guess of P, (y) and then comparing the resulting P, (x) values with the values obtained experimentally. The estimate was made on a computer by a nonlinear regression method (Draper and Smith 198 1) .
Results and discussion
Profiles of oxygen and photosynthesis were measured in the sediment at five sites 0.5 mm apart. Figures illustrating data and simulations of data from site (0,O) only will be shown here; data from the other positions are presented in tabular form.
Oxygen data -The steady state oxygen profile in the light and the measured profile of oxygenic photosynthesis at point (0, 0) are shown in Fig. 1 . Oxygen penetration was very superficial; none was detected just 0.7 mm below the layer where intense photosynthetic activity resulted in a concentration of 961 PM. The photosynthetically active layer was only 0.35 mm thick, but the maximum photosynthetic rate within it was as high as 5 1 nmol O2 cm-3 s-l. The four other steady state oxygen profiles measured looked very much like the one illustrated, although the maximum concentrations ranged from 840 to 1,360 IAM, suggesting some lateral heterogeneity of the sediment. Oxygen profiles were also measured following the end of illumination. Because the oxygen concentrations were changing during the recording of a vertical profile in the postillumination period, a continuous oxygen profile at any one time could not be measured. Figure 2 shows the oxygen concentrations measured for every 0.1 mm during the first 90 s of darkness. Vertical profiles of oxygen concentration at any given time after darkening can be drawn from Fig.  2 by interpolation between the measured values and are shown in Fig. 3 . The oxygen concentrations in the sediment dropped very quickly after darkening; after 80 s, oxygen penetrated only 0.1 mm into the sediment.
Dlflusion coejjkients -The apparent diffusion coefficient for oxygen (D,) , determined seven times with the microelectrode permanently positioned 0.3-1.4 mm into the poisoned sediment, was (1.40fO.O 1) x 1O-5 cm2 s-l (SEM). D, was also determined from oxygen data measured by an electrode continuously moved between 0-and 1.5- mm depth 50, 100, and 300 s after applying the 100% oxygen atmosphere. By this procedure, D, was determined to be 1.39, 1.43, and 1.43 x 1O-5 cm2 s-l. There was no sign of a major change in the diffusion coefficient from 0-to 1.5-mm depth (Fig. 4) . The values in the overlying water were determined from the oxygen profile shown in Fig. 1 . The true diffusive boundary layer, having a diffusion coefficient of 2.0 X 10B5 cm2 s-l, was in this case only 0.08 mm thick. the microelectrode method may be the necessity of poisoning the sediment. Various organic molecules affect the diffusion of oxygen in water very differently (Navari et al. 1970 ) and the structure of the extracellular polysaccharides, which surrounded the cyanobacteria and which probably caused most of the decrease in diffusion coefficient from that of seawater, could have changed during the 1 -month incubation with HgC12. A microelectrode determination of an apparent diffusion coefficient in sediment with living microorganisms would, however, be very difficult to make. The porosity in the uppermost 1 mm of the sediment was determined to be 95% (vol/ vol). The term "porosity" is, however, poorly defined in such a predominantly organic sediment (microbial mat), where the amount of water inside cells is not negligible.
Computer simulation All parameters in Eq. 2 except the respiration rate have known values. Consequently, it is possible to assume a certain depth distribution for R(x, t), the rate of oxygen consumption, and then judge from the simulated oxygen profiles whether this distribution is realistic. However, during the first simulations it was apparent that the measured values for the vertical distribution of photosynthetic rate did not give satisfactory results.
Photosynthesis-As described above, the photosynthesis (P,) values were calculated from the decrease in oxygen concentration after 1 s in the dark, and the profile measured was therefore slightly different from the actual (PO) profile. Given some reasonable assumptions about how the PO profile could look, and using Eq. 7 to check the proposed PO profile against the measured P, profile, we could obtain a profile closer to the true photosynthesis profile than the profile we measured. Our first assumption was that the photosynthetic activity increased linearly over a short distance in the surface layer due to an increase in the density of photosynthetically active microorganisms. In the layers below, the activity should be constant over some depth due to light saturation (Harris 1978) of the densely packed Table 2. microorganisms. Below the layer with saturating light and maximum photosynthesis, the activity should drop exponentially due to a drop in light intensity (Fenchel and Straarup 197 1) . It turned out that the experimentally obtained PI profiles could have originated from PO profiles of photosynthesis which were shaped as proposed above. However, a linear drop in photosynthetic rate below the zone with photosaturation gave a better fit than an exponential drop. This could be caused by a decreasing number of photosynthetically active microorganisms with depth in these layers with suboptimal light conditions. Figure 5 shows the measured (PI) photosynthesis profile (0) in point (0, 0), the estimated (PO) photosynthesis profile (thick line), and the (PI) photosynthesis profile which would have been measured if the vertical distribution had actually been as indicated with the thick line (shown with thin line). The simulated PI profile (thin line) is very close to the measured PI profile. An immediate increase from 0 to maximum photosynthesis at the sediment surface gave as good a fit as the increase over 50 pm shown in Fig. 5 , and an . Profile of oxygen consumption (thick line) at site (0, 0) giving a good fit to the experimentally obtained oxygen profiles when simulations were performed. The maximum oxygen consumption was assumed to be 11.0 nmol cm-3 s-l and the basic to be 3.3. F, G, H, I, and L illustrate parameters used in Table 2. immediate increase to maximum rate could thus equally well have been chosen. The only major divergence between the simulated and measured values of PI are found in the water above the sediment surface. Low photosynthetic rates should have been measured at a greater distance from the sediment surface than they actually were. This was due to an experimental error during recording of the photosynthesis profile. The oxygen reading more than about 50-l 00 pm above the sediment surface was made in the transition layer between the true diffusive boundary layer (Jorgensen and Revsbech 198 5) and the stirred overlying water, and the reading was therefore too unstable for a small decrease in oxygen concentration to be detected. The measured maximum rates of photosynthesis are lower than the estimated maximum rates and the measured photosynthesis profile extends over a greater depth interval than the estimated (PO) profile. The measurement of photosynthetic rates in layers with no photosynthetic activity but adjacent to photosynthetically active layers was also observed by Revsbech and Jorgensen (1983) . The difference be- tween PI and PO profiles will be largest when the photosynthetically active layer is thin, and mathematical modeling as performed by use of Eq. 7 is therefore most needed when such thin active layers are investigated.
Oxygen consumption -The order of magnitude of the oxygen consumption rate can be calculated from the rate of decrease in oxygen concentration when the oxygen gradient in the surface layer is zero, i.e. when there is no net flux of oxygen across the sediment surface (Revsbech et al. 1980) . The rate of oxygen consumption within the photic zone was determined in this way to be about 10 nmol cm-3 s-l. A very high rate of oxygen consumption at the very interface between oxygen and the deeper sulfide containing layers was described elsewhere (Jorgensen and Revsbech 1983) , and the very rapid change in the flux of oxygen within 0.1 mm of the oxic-anoxic boundary indicated that elevated oxygen consumption could also be found here. The oxygen consumption in the layers more than 0.1 mm from the photic zone or from the oxic-anoxic boundary was low, which could be seen from the only slightly curved oxygen profile in these layers. A simple assumption was that there was a basic low respiration there. We assumed that all rates of oxygen con-sumption followed Michaelis-Menten kinetics with a K, value of 10 PM to avoid diverging simulation values at low oxygen concentrations without the need of using time steps ~0.5 s. The actual K, value was 'probably about 1 E.~M (Chance 1975) .
A profile of oxygen consumption which resulted in simulated oxygen profiles that gave good fits with both the steady state oxygen profile and the transient oxygen profile after darkening is shown in Fig. 6 . The rate of oxygen consumption rose linearly from 3.3 nmol cmm3 s-l at the sediment surface to 11 .O at the lower boundary of the photosaturated zone, was constant in the next 0.1 mm, and then dropped linearly parallel to the drop in photosynthetic activity to a value of 3.3 in deeper layers. The maximum of oxygen consumption in the lower part of the photic zone might have been caused by bacterial consumption of dissolved organic matter, but dark respiration of the photosynthetic microorganisms should also be considered. Burris (1977) found a dark respiration by healthy microalgae of about 10% of the maximum photosynthetic activity. The low activity well below the photic zone could be due to a small input to these layers of material that could be used for respiratory processes. The oxygen consumption was assumed to be 30 C(x, t)/[C(x, t) + lo] nm01 cm-3 s-l [unit of oxygen concentration at depth x and time t, C(x, t), being in PM] when the oxygen concentration was <40 ,uM, i.e. close to the oxic-anoxic interface where extensive oxidation of sulfide occurred in a 50-100~pm-thick layer (Jorgensen and Revsbech 1983; Revsbech et al. 1983) . This elevated rate of oxygen consumption was not found when the anoxic boundary was rising toward the surface during the postillumination period, probably due to a buffer layer of oxidized compounds such as ferric iron which separated oxygen and sulfide under these conditions. By the simulation of the transient oxygen profiles developing after darkening, this was compensated for by stopping the high rate of oxygen consumption found at oxygen concentrations <40 PM when the depth having an oxygen concentration of 40 PM under steady state light conditions had an oxygen concentration of only 130 PM. Table 1 . Most important data describing the five measured steady state oxygen profiles during illumination. The diameters (mm) of the total diffusive boundary layers and the true diffusive boundary layers at the five sites are also shown. The last column shows that dark incubation required to bring the oxygen concentration at 0.1 -mm depth in the sediment below the oxygen concentration in the overlying water. The very high oxygen concentration in the illuminated surface layers of the sediment (Fig. 1, Table 1 ) could have induced significant changes in the excretion rates of the microorganisms. The RUBP carboxylase responsible for the autotrophic CO2 fixation is also an oxygenase (Bowes et al. 197 l) , and the half-saturation constant K,,, (oxygen) for the pure enzyme is only about 400 PM (Laing et al. 1974 ). We measured oxygen concentrations up to 1,360 PM in the photic layer, and significant rates of photorespiration induced by the oxygenase activity of the enzyme should therefore be expected. pH values of up to 10.4 in the most active layers (Revsbech unpubl.) indicated a strong depletion of CO2 which also favors photorespiration (Laing et al. 1974) . Photorespiration would stop within a few seconds of darkening (Peterson 1983) and would consequently contribute to a lowered rate of oxygen consumption in the dark. However, there was no indication that the rate of oxygen consumption decreased during the dark period, and this is an argument against the occurrence of significant photorespiration during our experiments. On the contrary, there seemed to be a slightly lower rate of oxygen consumption during the first 20 s of the dark incubation than during the rest of the approximately 80-s period which was analyzed. This can be seen in Fig. 7 , where the 20-s curve is below the measured data points; simulations for all five sites analyzed showed similar underestimations of the oxygen concentrations after 20 s in the dark.
Sensitivity analysis of the simulationsTo evaluate the precision of the estimated profile of oxygen consumption, it is necessary to vary the inserted values within reasonable limits. The simulation run illustrated in Fig. 7 was repeated with maximum oxygen consumption rates first of 13.0 nm01 cm-3 s-l and th en of 9.0 nm01 cm-3 s-l, which is the value used for the simulation shown in Fig. 7, +2 .0 nmol cm-3 s-l. The shape of the oxygen consumption profile was assumed to be as shown in Fig. 6 , and the basic oxygen consumption rate of 3.3 nmol cm-3 s-l was maintained. The steady state oxygen profile in the light shown in Fig. 7 was used as a starting profile in both runs. The results of these simulation runs are illustrated in Fig. 8 . The simulation with 13.0 nmol cm-3 s-l was totally unacceptable, whereas the simulation with a maximum oxygen consumption rate of 9.0 actually gave Fig. 9 . Simulations of the experimental data (0) as in Fig. 7 , but using diffusion coefficients in the sediment of 1.3 x 1O-5 (A) and 1.5 x 1O-5 cm* s-l (B). Rates of oxygen consumption that were slightly different from those used for the simulation when 0, = 1.4 x 1O-5 cm* s-l were needed to obtain a good fit to the measured data. a better fit after 20 and 40 s in the dark than that shown in Fig. 7 where the maximum oxygen consumption was 11.0 nm01 cm-3 s-l. The simulated profiles after 60 and 80 s did, however, not give as good a fit to the experimental values as the simulation shown in Fig. 7 . Whether a maximum rate of oxygen consumption of 11.0 or 9.0 nm01 cm-3 s-l gives the overall best fit of the simulated curves to the experimental values is difficult to tell, but a value ~9.0 or > 11 .O would be unacceptable.
Simulations with diffusion coefficients in the sediment of (1.4kO.l) x lOA cm2 s-l were also run to investigate the effect of an erroneously determined diffusion coefficient on the estimated rates of oxygen consumption. The simulated curves (Fig. 9) give Table 2 . Data describing the vertical profiles of photosynthesis and respiration used during simulation runs. The variables A-L are explained in Figs. 5 and 6. (A, F, G in nmol 0, cm-3 s-l; B, C, E, H, I, L in mm.) X is a factor multiplied with the photosynthetic rates to obtain good fits of the simulated curves with both steady state profiles in the light and transient profiles just after darkening. The last column describes how well the simulated curves fit the experimental data. as good fits to the experimental data as the ones in Fig. 7 where a diffusion coefficient of 1.4 x 1O-5 cm2 s-l was also assumed, but other values for maximum oxygen consumption and basic oxygen consumption had to be used. For D, = 1.3 x low5 cm2 s-l a maximum rate of oxygen consumption of 11.8 nmol cm-3 s-l and a basic rate of 2.6 gave the best fit to the measured data. For D, = 1.5 X 1O-5 cm2 s-l, a maximum rate of oxygen consumption of 9.5 nm01 cm-3 s-l and a basic rate of 3.8 gave the best fit. These values are, however, relatively close to those estimated for D, = 1.4 X 1O-5 cm2 s-l. Analysis at jive sites-Data such as those illustrated in Figs. 1 and 2 were measured at five sites (Table 1 ). The experimental data from all five sites could be simulated by the same procedure as used for site (0,O). Table  2 compiles the profiles of photosynthesis and respiration used for the simulations, and it also contains an evaluation of how well the simulations fit the measured data. The meaning of the parameters A, B, C, D, E, F, G, H, I, and L are illustrated in Figs. 5 and 6.
Due to lateral heterogeneity of the mat, we had to multiply the values for photosynthetic rate with a factor, X, to obtain a good simulation of both the steady state oxygen profile in the light and the transient oxygen profiles in the dark (Table 2 ). An X factor > 1 had to be used if neighboring areas in the mat caused higher oxygen concentrations, due to geometry or higher rates of oxygen production, than the activity at the site itself. A factor < 1 should be used if the opposite is the case. The mean of many X factors should be close to 1.00 if the assumption of equal rates of oxygen consumption in the light and during the -80-s dark period is true. We obtained a mean value of 1.03 from five simulation runs (Table 2), which we consider satisfactorily close to 1.00.
The introduction of the Xfactor does not make the applied one-dimensional approach mathematically correct, but does make it possible to draw general conclusions about heterogeneous systems. A three-dimensional model would have the potential of yielding much better descriptions of heterogeneous natural systems, but it would require far more data collected in a more sophisticated manner. The only way to compensate for the errors inherent in a onedimensional approach is to analyze several sites and then look for a general trend. The data from all five sites analyzed in this study gave good fits (Table 2) when simulated with the assumptions that the respiration profile had the shape shown in Fig. 6 and that the oxygen consumption rates were approximately constant during the -80-s dark incubation. The profile in Fig. 6 should therefore be close to a "standardized" profile of oxygen consumption in the sediment. The inaccuracy in the oxygen consumption profile is largest close to the sediment surface where the irregular topography of the mat reduces the validity of the one-dimensional model.
Our results show that computer simulation of experimentally obtained oxygen profiles in sediments is possible. Improved data collection methods and more sophisticated computer models should be used to transform the methods described here to a real analytical tool for use in routine determi-nations of respiration profiles in microlayers.
